Abstract -(R)-2-Tosyloxypropanal (4) was prepared from D-mannitol in a 7-step sequence (51% overall yield). Addition of dialkyl phosphonates to 4 in the presence of titanium isopropoxide and the subsequent treatment with DBU stereoselectively afforded, in one-pot, fosfomycin dimethyl (5a) and dibenzyl (5b) esters both in 58% isolated yield.
INTRODUCTION
(1R,2S)-1,2-Epoxypropylphosphonic acid (fosfomycin) (1) is a clinically used antibiotic which was originally isolated from the fermentation broth of Streptomyces fradiae 2 and Pseudomonas syringae. 3 Fosfomycin is present on the pharmaceutical market as the disodium, 4 calcium, 5 and tris(hydroxymethyl)ammonium salts. 6 Several synthetic methods for optically active fosfomycin derivatives have been reported as exemplified by catalytic epoxidation of (Z)-1-propenylphosphonates and the following optical resolution 7 and bromohydroxylation of (Z)-1-propenylphosphonates having a chiral auxiliary and the following ring closure. 8 Another synthetic method has also become available by the stereoselective addition of phosphonates (or phosphites) to (S)-2-hydroxypropanal derivatives (2), [9] [10] [11] but the conversion of the resulting α-hydroxyphosphonates (3) into fosfomycin derivatives (5) requires multi-step procedures (deprotection, tosylation of α-hydroxy group, and ring closure) (Scheme 1). Meanwhile, we have found that 1,2-epoxyphosphonates are readily obtained by the reaction of α-tosyloxyketones with dimethyl phosphonate in the presence of DBU 12 in the course of our studies involving stereoselective C-P bond introduction onto carbohydrates. 13 This procedure is perceived suitable for preparation of fosfomycin derivatives, because the addition of phosphonates and the ring closure would proceed in tandem. We now describe 
Scheme 1 RESULTS AND DISCUSSION
The key intermediate (4) was prepared from D-mannitol in 7 steps according to the reported procedures [14] [15] [16] with some modifications in a much improved overall yield (51%) (Scheme 2). Namely, acetalization of D-mannnitol with 2,2-dimethoxypropane, followed by hydrolysis with aqueous acetic acid, afforded 3,4-O-isopropylidene-D-mannitol (7). This was converted into the 1,6-dideoxy compound simultaneously to afford the cis-epoxyphosphonate (5a) and its trans-isomer (6a), in a ratio of 41:59, which were separable by column chromatography. The similar treatment of 4 at a lower temperature (-5 or -40 °C) to give 10, followed by raising the temperature to 20 °C to afford 5a and 6a, resulted in a slight increase in the ratio of the desired 5a (Entries 2,3). As for the solvent, use of dichloromethane showed a better selectivity for production of 5a in comparison with THF and acetonitrile (Entries 2,4,5). By employing the same conditions as Entry 5, the reaction of 4 with dibenzyl phosphonate gave the cisepoxide (5b) and the trans-isomer (6b) in a similar yield and ratio (Entry 6).
Scheme 3 Table 1 . Reaction of (R)-tosyloxypropanal (4) with dialkyl phosphonates in the presence of DBU 
3,4-O-Isopropylidene-D-mannitol (7).
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(R)-2-Tosyloxypropanal (3-deoxy-2-O-tosyl-D-glyceraldehyde) (4).
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